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A series of N-(4-dialkylamino-2-butynyl)-substituted cyclic imides has been prepared. These compounds 
have been investigated for antagonistic activity toward acetylcholine on isolated guinea pig ileal preparations 
and for mydriatic activity and blockade of the motor effects of oxotremorine in intact mice. While these dif
ferent activities were significantly correlated, considerable differences were found in the relative central and 
peripheral anticholinergic effects in vivo and one member of the series, N-(4-diethylamino-2-butynyl)succin-
imide, showed a very high degree of specificity as a central anticholinergic agent. 

Tremorine2 (l,4-dipyrrolidino-2-butyne) and oxo
tremorine3 [l-(2-oxopyrrolidino)-4-pyrrolidino-2-bu-
tyne] have been widely used in the search for com
pounds of potential value in Parkinson's disease. Both 
compounds produce in a variety of experimental 
animals a syndrome characterized by tremor, rigidity, 
hypokinesia, and parasympathomimetic effects, which 
are blocked by atropine and many agents of established 
effectiveness in treating Parkinson's disease. Oxo
tremorine is preferable to tremorine for screening 
purposes, since the latter compound owes its effects to 
biotransformation to oxotremorine, and several un
related compounds have been shown to block the effects 
of tremorine by interfering with this metabolic acti
vation.4'5 

Introduction of large substituents into agonist mole
cules frequently yields compounds possessing antago
nistic properties, and the extreme potency and structural 
specificity of oxotremorine suggest that analogs may 
be found with similar potency. The relative specificity 
of oxotremorine on the central nervous system offers 
hope that these analogs might also be selectively 
central in their blocking actions and thus minimize 
the peripheral parasympatholytic side effects commonly 
seen in agents used to treat Parkinson's disease. 

Of many such analogs which have been examined, 
the presently described series of cyclic imides of types 

x-coN 
I NCH,C=CCH2N^ ; 
CH,—CO R-' 

I,X = CH2, CHXH, or CH2CH2 

r j T C ( ^ > N C H 2 C s C C H 2 N ^ R 

II,Y = CO, S02 

(1) Previous paper in this series: R. Dahlbom, B. Karldn, A. Lindquist. 
R. George, and D. J. Jenden, Acta Pharm. Suecica, 3, 187 (1966). 

(2) G. M. Everett, L. E. Blockus, and I. M. Shepperd, Science, 124, 79 
(19S6). 

(3) A. K. Cho, W. L. Haslett, and D. J. Jenden, Biochem. Biophys. Res. 
Commun., 5, 276 (1961). 

(4) F. Sjoqvist and J. Gilette, Life Sci., 4, 1031 (1965). 
(5) G. B. Leslie and D. R. Maxwell, Nature, 202, 97 (1904). 

I and II is of particular interest. The compounds 
share with oxotremorine the 4-dialkylamino-2-butynyl 
group, which is attached to substituted cyclic imides 
rather than to a lactam as in oxotremorine. Several 
show a pronounced antagonism to oxotremorine which 
in some cases is evident at much lower dosages than in 
peripheral parasympatholytic actions. 

Chemistry.—In general the compounds listed in 
Tables I and II were prepared through the Mannich 
reaction by refluxing a mixture of the N-propargyl-
imide, formaldehyde, and the appropriate amine in 
dioxane in the presence of a small amount of cuprous 
chloride. N-(4-Diethylamino-2-butynyl)succinimide 
was also prepared by ring closure of N-(4-diethylamino-
2-butynyl)succinamic acid, obtained from 4-diethyl-
amino-2-butynylamine and succinic anhydride (see 
Scheme I). 

SCHEME I 

NGNa*' + BrCHXsCH NCH,C = CH 

H,NCH2C=CCH,N(C,H, 

CrLO (C:H-,);NH 

NCH2C=CCH2N(C2H5)2 

•V.O XaOAc 

CH,CONHCH2C = CCH?N(C2H5)2 

CH.COOH 

Pharmacology. A. Methods.—Each compound was 
administered intraperitoneally in logarithmically spaced 
doses to groups of five male mice weighing 18-22 g. 
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After 15-20 min, pupillary diameter was measured 
under constant lighting conditions with the aid of a 
binocular microscope fitted with a calibrated eyepiece, 
and compared to a similar measurement made imme
diately prior to injection. Oxotremorine was then 
injected intravenously at a dose of 100 Mg/kg, and after 
a further 15-20 min, the intensity of tremor was 
graded visually, using a point system previously de
scribed.6 The results were averaged for each group of 
five mice, and the results were plotted as a function 
of the dose of antagonist. The "tremorolytic dose" 
was estimated by visual interpolation as the dose at 
which the mean tremor response was reduced by one 
point from the control. This was approximately 
equivalent to the dose giving twofold protection against 
oxotremorine. The "mydriatic dose" was also esti
mated graphically as the dose required to double the 
pupil size relative to the control. All doses are ex
pressed in moles per kilogram. 

Acetylcholine antagonism was measured on isolated 
guinea pig ileal strips suspended in oxygenated Krebs 
solution at 38°. Contractions were recorded isotoni-
cally at 1-g tension, using a Collins displacement trans
ducer and potentiometric recorder. A series of cumu
lative dose—response curves was obtained using acetyl
choline only; these were then repeated in the presence 
of a test compound at concentrations increasing in the 
ratio 1:3:10:30. The preparation was allowed to 
equilibrate with each new concentration for 30 min 
before the acetylcholine dose-response curve was ob
tained. 

The antagonism was found to be competitive in 
every case. The acetylcholine concentration giving 
a 50% response was estimated at each concentration 
of antagonist, and the antagonist concentration pro
ducing a twofold block of acetylcholine was estimated 
graphically. 

B. Results and Discussion.—Table III summarizes 
the results obtained and includes atropine as a refer
ence compound treated identically. All compounds 

TABLE I I I 

PHARMACOLOGICAL RESULTS 

Concn (M) to 
antagonize 

acetylcholine 
on isolated 

guinea pig 
ileum 

In vivo dose (moles/kg) required to 
produce in mice 

Oxotremorine 
Compd Mydriasis blockade 

l a 8 . 0 X 1 0 - * 1 . 6 X 1 0 - * 1.0 X 10"5« 
lb 2 .5 X 10-* 8.0 X 10-6 (Agonist)6 

Ic 2 .0 X 10"* 4 .0 X 10"5 2 .7 X lO"6" 
Id ~ 1 . 0 X 10" ' 5.6 X 10"* 9.6 X 10"5 

le 1 . 4 X 1 0 - 3 1.4 X 10"* 1 . 4 X 1 0 " ' 
If 1.2 X 10-* 5.0 X 10"5 3.8 X 10~5 

Ig > 1 . 0 X 10-3" > i . 0 X 1 0 - 3 « 1.1 x 10-* 
Ih 1.0 X 10-3 2.0 X 10'* 1.5 X 10"5 

I l a 1.0 X 10-3 s .o x 10-* 3.4 X 10"6 

l i b > 1 . 0 X 10-3 > 1 . 0 X 1 0 - 3 2.4 X 10-6 

He 4 .0 X 10-* 3.2 X 10"* 9.8 X 10"7 

l i d 4 .0 X 10-* 2 .5 X 10-* 1.6 X 10"6 

He 1.0 X 10-* 8.0 X 10-5 1 . 9 X 1 0 - ' 
Atropine 6.4 X 10~7 3.2 X 10"6 2 .6 X lO"10 

" Produced contraction of ileum at ~ 1 0 ~7 M; this effect dis
appeared at higher concentrations. '' Stimulated ileal prepara
tion a t all concentrations. c No mydriasis or oxotremorine 
blockade observed at sublethal doses. 

(0) A. K. Clio and D. J. Jendeii, Intern. J. iVeurupharmacoL, 3, 27 (1964). 

except Ig and l ib blocked the central effects of oxo
tremorine and, in sufficient doses, also produced my
driasis. The relative doses required for these two 
effects varied widely, and one compound (la) appeared 
to be highly specific in its central actions, causing 
significant mydriasis only as the lethal dose (~1.5 X 
10~3 mole/kg) was approached. Compounds Ig and 
l ib produced convulsions and death at doses showing 
no blockade of oxotremorine. Excitement, hyper-
kinesis, and eventually convulsions were observed after 
sufficiently large doses of all the compounds; no other 
consistent effects were seen in mice. 

With the exception of lb, all the compounds behaved 
as competitive antagonists of acetylcholine on the iso
lated guinea pig ileum. la, lb, and Ic all produced an 
increase in tone and motility of the gut at low concen
trations (~10 - 7 M), but with la and Ic, this effect 
disappeared as the concentration was increased, being 
replaced by a competitive anticholinergic action. On 
the other hand, it became more pronounced with lb, 
which thus behaved as an agonist and could be blocked 
by atropine. 

It is evident from Table III that the derivatives of 
succinimide have higher tremorolytic effect than the 
corresponding derivatives of phthalimide and benzo-
sulfimide. Introduction of a methyl group into 
the succinimide ring (Ig) or ring expansion to glutar-
imide (Ih) lowers the tremorolytic effect considerably. 

Table IV summarizes a correlation analysis of the 
results depicted in Table III, which were first converted 
to logarithms. The in vivo doses of Ig and l i b were 
both taken as 10 ~3 mole/kg for the purpose of calcu
lating correlation coefficients.7a All three types of 

TABLE IV 

CORRELATION or PHARMACOLOGICAL ACTIVITIES 

Oxotremorine 
Mydriasis blockade 

r" P ra P 

Mydriasis . . . . . . 0.720 <0.01 
0.632 <0.05 

Acetylcholine 0.842 <0.001 0.505 <0.1 
antagonism 0.798 <0.01 -0.268 >0.5 

" Upper value of "r" is the total correlation coefficient, lower 
value is the partial correlation coefficient. 

activity show some correlation with each other in agree
ment with the view that they depend upon a common, 
basic pharmacodynamic property. However, the cor
relation between acetylcholine blockade and oxotrem
orine antagonism is only suggestive and not statisti
cally significant at the 5% le^el. Further insight may 
be obtained by the calculation of partial correlation 
coefficients711 which provide an assessment of the cor
relation which would be observed between two of the 
variables if the third could be maintained constant, 
i.e., the effects of a common correlation with the third 
variable are eliminated. When the data are examined 
in this way, the correlation between acetylcholine 
blockade and oxotremorine antagonism disappears, 
although mydriatic activity remains significantly 
correlated with both factors. 

The high correlation between atropinic activity in 
vitro and mydriatic activity indicates that blocking 

(7) R. A. Fisher, "Statistical Methods for Research Workers," 11th ed. 
Hafner Publishing Co., Inc., New York, N. Y., 1950: (a) p 183; (b) p 187, 
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activity against acetylcholine on (lie isolated ileum 
is an excellent predictor of peripheral parasympatholytic 
activity in vivo. However, ability to antagonize the 
central actions of oxotremorine cannot be reliably 
predicted from the in vitro test; the positive correla
tion observed can be entirely explained by the correla
tion of mydriatic activity with both factors. This con
clusion is not unexpected, since activity on the centra,! 
nervous system depends upon distributional factors 
which bear no necessary relationship to biological 
activity at the cellular level. Furthermore, although 
there is an obvious similarity in the structural require
ments of central and peripheral anticholinergic agents, 
t here is no logical basis for assuming their identity. 

Experimental Section 

.Melting po in t s were taken in open capi l lary tubes in an elec
tr ically hea t ed m e t a l block using ca l ib ra t ed Anse.hiitz t h e r m o m 
e te r s . In f ra red spec t r a were r im on a P e r k i u - K l m e r 237 spec
t r o p h o t o m e t e r e q u i p p e d wi th a g ra t i ng n io i iochromator , us ing 
K B r disks. M i c r o a n a l y s e s were carr ied out in the l abora to r i e s 
of Dr. A. B e r n h a r d t , Ali i lheim, G e r m a n y . 

N-Propargylsuccinimide. - -Snccinimide (99 g, 1 mole) was 
a d d e d 1 to a solut ion of sod ium (23 g, i g - a t o m ) in a b s o l u t e e thano l 
(900 ml) . P r o p a r g y l b r o m i d e (119 g, 1 mole ) was a d d e d to t h e 
solut ion, and t h e m i x t u r e was refiuxed for 15 hr. Af ter cooling, 
the X a B r was filtered a n d the f i l t ra te was e v a p o r a t e d in vacuo. 
T h e res idue was dist i l led a t 95° (0.5 m m ) giving a l ight yellow 
oil (117 g, S5 C f ) , which solidified u p o n s t a n d i n g to c rys ta l s 
mel t ing a t 5 1 - 5 2 ° ; ; w 32(35 O - C H ) . 2130 ( f e O , 17SO,"l710 
c m ~ l ( ' C = 0 ) . 

Anal. Calcd for C-HTXO,>: 0 , 6 1 . 3 ; H , 5 . 1 5 ; X , 10.2. F o u n d : 
C, 01.(5; H, 5 . 2 1 ; N , 9.99. 

N-Propargyl -a-methylsuccinimide was o b t a i n e d in a s imilar 
m a n n e r in 74f*J vield f rom o-methvlsuccinimide !> and p r o p a r g y l 
b r o m i d e : b p 93° (0.3 m m ) : ,<mas "32S0 feCH), 2140 ( 0 = 0 ) , 
17S5, 1730 cm -"1 ( 0 - 4 ) ) . A l though it was not possible to o b 
tain a correct e lementa l ana lys i s for this c o m p o u n d , t h e produc t 
could lie sa t is factor i ly used in the syn thes i s of c o m p o u n d Ig . 

N-Propargylglutarimide.—To a suspension of s o d i u m h y d r i d e 
(2.4 g, 0.1 mole ) in d r y d i m e f h y l f o r m a m i d e ( I ) M F ) (30 ml ) was 
a d d e d g l u t a r i m i d e (11.3 g, 0.1 mole) dissolved in D M F (35 
ml ) ; t he m i x t u r e was s t i r red u n d e r n i t rogen at 100° for 4 hr . 
P r o p a r g y l b r o m i d e (14.:! g, 0.12 mole) was a d d e d to t h e hoi 
m i x t u r e and s t i r r ing without , h e a t i n g was then con t inued for ] 
hr . After filtering, the s o l v e n t was removed u n d e r v a c u u m , 
and t h e res idue was disti l led to give an oily p roduc t (10.0 g, 
0 6 ' , ) , b p 113-110° (0.5 m m ) , u2:-i> 1.5260, wh ich solidified af ter 
s t a n d i n g for some d a y s . Reerys ta l l i za t ion from e t h e r - p e t r o l e u m 
e the r afforded a crys ta l l ine p r o d u c t : m p 4 1 - 4 2 ° ; i<nl,v 3270 
( - O H ; , 2 1 3 0 ( C - s C ' ) , 1730, 1670 cm"'1 i ( ' O j . 

Anal. Calcd for C\HBN<>,: O, 63 .6 : H, 6 .00: X, 9.27. 
F o u n d : O, 03..S; I I , 5.99: X, '9 .30 . 

N-Propargylbenzosulf imide. A m i x t u r e of d ry sacchar in 
sod ium (103 g, 0.5 mole) , p r o p a r g y l b r o m i d e (67 g, 0.56 mole) , 
and 1 I M F (300 ml ) was s t i r red at 100° for 6 hr . T h e m i x t u r e was 
filtered, and t h e reac t ion p r o d u c t was p r ec ip i t a t ed b y t h e a d d i 
tion of wa t e r . T h e p r o d u c t (104 g, 90'< ) was a lmost pu re , 
m p 125-126° . Reerys ta l l i za t ion from e thanol raised the melting-
point to 125.5 126.5° : v s 32S0 ! = ( ' H ! , 2130 ( 0 = 0 ) , 1745 
(C.--••()), 1340, 1 ISO c m - ' (SO-.). 

Anal. Calcd for C H H T X O S S - 0 . 5 H , ( ) : (.', 52 .2 : H , 3 .50; 
X, (i.OS. F o u n d : C ' ,52 .5 ; H . 3 . 0 2 : X, 6.07. 

N-Propargylphthalimide was o b t a i n e d in a s imi lar m a n n e r from 
p o t a s s i u m p h t h a l i m i d e (SO',' y ie ld) ; m p 147-150° (lit .9 m p 
150-151.5° , 147-149°) . 

Preparation of N-(4-Uia lkylamino-2-butynyl ) -Subst i tuted Cy
clic Imides (Tables I and II).-— A m i x t u r e of t h e a p p r o p r i a t e 
X - p r o p a r g y l i m i d e (0.1 mole) , p a r a f o r m a l d e h y d e (0.12 mole) , 
the secondary a m i n e (0.1 1 mole) , and cuprous chlor ide (0.2 g) in 
pero\ ide- l ' ree d ioxano (20 ml) was relluxed for 0.5 1.5 hr . After 

S) F. I-'. I'.liikc ami ('. J . I.u, ./. Am. Chrm. Snr.. 74, :j!)!i:i . l i i M i . 
CO (a> K. Sain . Mpprm Kugalni Zasehi. 76, 1404 i l » 5 5 ) ; lb) M . (Juudi>-

m a r , Ann. Clnm. (Par is ) , [13] 1, 161 (11)5(5.1. 

cooling, wa t e r (100 m l ; was a d d e d , a n d the m i x t u r e was acidified 
wi th 5 A" hydrochlor ic acid a n d ex t r ac t ed twice with e ther (50 
mi l . T h e aqueous p h a s e was m a d e a lka l ine with 2 A' Xa.Ct ).; 
under s t rong cooling and e x t r a c t e d exhaus t ive ly with six 50-ml 
por t ions of CHOI:;. T h e O H C h extract was dried iX ' t^SO, ; 
and t h e solvent was e v a p o r a t e d unde r v a c u u m . C o m p o u n d s 
l b and Ic crystal l ized upon cooling; 11 a, l i b , and l i e were ob
ta ined crys ta l l ine when t h e acidic, aqueous phase was m a d e 
alkal ine. T h e o the r bases could not he ob ta ined in crys ta l l ine 
form: Ig and Ih were purified by dis t i l la t ion in racnit and the 
remain ing bases were c o n v e n e d to the hydroch lor ides by addi
tion of e therea l HC1. 

T h e infrared spectra, of the suec in imides l isted in T a b l e I 
and of the ph thaJmi ides in T a b l e TI all showed two absorp t ion 
b a n d s in the (.' O s t r e t ch ing region, one s h a r p of med ium 
s t r e n g t h at 1775 1.7S.5 cm'"1 and one s t rong and broad , in sonic 
cases resolved into two or th ree mino r peaks , at 1700-1735 cm ! 

T h e g lu t a r imide de r iva t i ve Th abso rbed at lower frequencies, 
(•/:., a.i 1745 and 1095 e m " ' . T h e benxosulf imides l i d and l i e 
showed only one si rung, s h a r p band in this region ai 1755 and 
1 745 cm !. respect ively. 

4-Diethylamino-2-butynyIamine Dihydrochloride. A solut ion 
of X~( ,4-die thvhini iun-2-but ,ynyl)pbthal imide (11a. 64.4 g. 0.24 
mole) and h y d r a z i n e h y d r a t e (12 g, 0.24 mole) in 9 6 ' , e thanol 
(250 ml) was relluxed for 1.5 hr . T h e solut ion was acidified 
wi th concen t r a t ed IIC1. and the p r ec ip i t a t ed p h t h a l h y d r a z i d c 
was filtered and washed wi th 9 6 ' , e thano l . T h e combined 
f i l t rate a n d washings were concen t r a t ed , filtered, and e v a p o r a t e d 
in vacuo to give a viscous oil which soon solidified. I lecrys la l -
l ization from e thano l e the r yielded I he d ihydroch lo r ide . m p 154 
154.5° (37 g, 74 ' , ;. 

Anal. Calcd for C , H l f i X , - 2 H C I : C, 45.1 ; 11. S..">1 : N. 13,1. 
F o u n d : 0 . 4 5 . 2 : H, 7.90: X, 13.0. 

T h e free base was ob t a ined from the d ihydroch lo r ide by 
s t a n d a r d m e t h o d s : b p 6 2 ° f ' . 'mm), « ! ! D 1.4740. 

Anal. Calcd for ( \ H ; E X \ : C', 6S..V. H, 11.5: X, 20,0. F o u n d : 
O.ti.s.il; H, 11.5; X, 20.2. 

4-Pyrrolidino-2-butynylamine dihydrochloride was p repa red 
from l i b by the s a m e p r o c e d u r e as descr ibed for the d ie thy l -
a m i n o ana log : mp ISO -180.5° af ter recrystall izavion from e thanol 

e ther , vield S 6 ' , . 
Anal. Calcd for ( \ H H . \ Y 2 H C I : C . 4 5 . 5 ; 1 1 . 7 . 6 4 : X, 13.3. 

F o u n d : 0 . 4 5 . 5 : H, 7 .55: X, 13.1. 
4-Piperidino-2-butynylamine dihydrochloride was p repa red 

s imi lar ly ; m p 233 235° dec (from e t h a n o l - e t h e r ) , vield 70 ' < . 
Anal. Calcd for 0 B H i f ,XV 2 H C 1 : 0 , 4S.0: H^'s.Oti: X, 12.5, 

F o u n d : 0 . 4 s . 3 ; H , . V 0 3 ; X, 12.6. 
X-(4-Diethylamino-2-butynyl )succ inamic Acid. A solut ion of 

4 -d ie thyIamino-2 -bu t> 'ny lamine (6.0 g, (1.043 mole ! in a c e t o n e 
(1.0 ml) was a d d e d d ropwise to a refiuxing solut ion of succinic 
a n h y d r i d e i4 .3 g, (1.043 m o l e ; in a c e t o n e (40 ml!. S t i r r ing and 
h e a t i n g were con t inued for 1 hr af ter which the reaction mix tu re 
was cooled and the p r ec ip i t a t ed p roduc t collecled. T w o re-
crystal l izat ioi is from e thanol e the r gave the pu re acid i s . 3 
g. SI ' ' , ' !, m p 94 9 5 \ 

Anal. Calcd for t ' l ; I F ; j X 4 )3: O, 60.(1; H, S.39: X. 11.7. 
F o u n d : 0 . 6 0 . 2 ; U . S . 5 9 ; X, 11.7. 

Oyclization o ! N'-;4-Diethylamino-2-bulynyl;succinamic Acid. 
•A m i x t u r e of ihe acid p r epa red a b o v e (0.2 g. 0.026 mole : , 

a n h y d r o u s sodium a c e t a t e (1.3 g) . anil acet ic a n h y d r i d e (13 ml 
was s t i r red at 00--70° for 1 hr and cooled. Ice wa te r (25 nil) 
was added , and the m i x t u r e was left overnight at room t e m p e r a 
ture . T h e solut ion was ex t rac ted w i th e the r and t h e a q u e o u s 
layer was m a d e a lka l ine wi th X a O l I u n d e r cooling. T h e mix
tu re was ex t rac ted with four 20-inl por t ions of CIIOI, ; and the 
ext rac t was dried over Nu = S0 4 . On addi t ion of e therea l HOI. 
the react ion produc t crys ta l l ized. After recrys ta l l iza t iun from 
e t h a n o l , a product o'S.s g. ">"' , ) was o b t a i n e d which was identical 
(mix tu re mel t ing point and infrared s p e c t r u m ) wi th c o m p o u n d 
l a p r epa red above by the M a n n id i reac t ion . 

l ,4 -Bis (succ inimido)-2-butyne . Sodium (2.3 g. 0.1 mole) was 
dissolved in e thanol f'1011 ml) and sncc in imide (St.!) g, 0.1 mole) 
was added . 1.4-i ) i ch loro-2-bu iyne (6.15 g. 0.05 mole) was then 
added to the solution and the mix tu re was refiuxed for 15 hr. 
After cooling, the funned p rec ip i t a t e was collected and washed 
wi th wa te r lo r emove NaOl . Tin- residue (3.0 g, 2 2 ' r) was re-
crvstal l ized twice from D M F to give crys ta ls of nip 256 257° ; 
.v.-. 17S0, I 705 cm ' [('..: O i. 

Anal. Ca lcd for C,. .H,,XuO ; : C. 5s . I : 11, 4.S7: X, 11.3. 
F o u n d : 0 . 5 7 . 7 ; H . 5 . 0 5 : X, 11.2. 


